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In earlier work (1), it was found that a  deer inoculated intramuscularly with 
a  suspension of the brains of newborn mice containing 4th mouse passage New 
Jersey strain epizootic hemorrhagic disease (EHD)  virus failed to sicken and 
later resisted infection with fully virulent deer passage EHD  virus. The serum 
of this animal drawn prior to its challenge with virulent virus contained EI-ID 
virus-neutralizing antibodies, and it was concluded that  these antibodies had 
resulted from infection with the mouse-passaged EHD  virus. It appeared from 
this single experiment that serial passage of EHD  virus through the brains of 
newborn  mice rapidly attenuated  it for  deer. 
In order to determine certainly that the original result was a  bonafide one, 
and that passage of the virus through the brains of suckling mice actually had 
resulted in its attenuation,  three more deer have been  inoculated with mouse- 
passaged EHD  virus. 
Materials and Methods 
Virus.~T~s was a continuation of the New Jersey strain of EHD virus that had been 
adapted to newborn Swiss mice in our earlier work (1). 
Deer.--The experimental deer which had been obtained in nature as fawns were  main- 
rained as already described  (1). They were 5 to 6 months old when used in the present ex- 
periments. 
Virus Neutralization Tests.--The  virus neutralization tests were  conducted in newborn 
mice. The sera were obtained from blood drawn from the ear veins of the experimental deer 
and in the neutralization tests were mixed in equal parts with 10  "2.6 or 10  -a dilutions of 10 
per cent suspensions in broth of infected mouse brain. 0.015 cc of these mixtures was adminis- 
tered intracerebrally  to mice that were approximately  24 hours old. The mice were held under 
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observation for 14 days and survival of the animals for this period of time was used as the 
criterion for neutralization of the virus. 
RESULTS 
One  deer  was  inoculated  intramuscularly  with  7th  and  two  others  either 
intramuscularly or intraperitoneally with 8th serial mouse brain passage EHD 
virus. As indicated in Table I, none of the three animals exhibited any apparent 
evidence of illness and  all  remained ostensibly normal during a  period of ob- 
TABLE  I 
Immunization of Deer against EHD Infection with Mouse-Adapted  Virus 
1-42 
1-43 
1-46 
1-45 
1-47 
Infection with mouse  passage EHD virus  Challenge with virulent deer passage  EHD virus* 
< 
cc 
5 
4 
4 
7th 
8th 
8th 
Route of 
inoculation 
In-  Route of 
tar-  inoculation  val 
~ay~ 
25  Intraperitoneal 
22  Intramuscular 
22  " 
Intramuscular 
Intraperitoneal 
Nil, control 
Nil, control 
Result 
Negative 
Intraperitoneal 
Intramuscular 
Result 
Negative--no illness 
Positive--died 13th day 
of EHD 
Positive--died 9th  day 
of EHD 
* 3 or 4 cc 5 per cent suspension in broth of infected deer sDleen. 
:~ 5 per cent suspension infected mouse brains in broth. 
TABLE  II 
Virus-Neutralizing  Antibodies  in Sara of Deer after Infection  with Mouse-A dapled New Jersey 
Strain EHD Virus 
Normal serum  Serum drawn after infection  with 
Dilution of virus*  mouse passage  EHD virus 
mixed equally with 
serum 
Deer No.  Result  Interval after  Result  infection 
days 
10  -~.o  1-42  6/65  25  0/6 
10  ~.5  1-43  7/11  22  0/10 
10  ~.~  1-46  5/5  22  0/8 
* 10 per cent suspension in broth of brains of mice infected with 9th mouse passage New 
Jersey strain EHD virus. 
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servation of over  3  weeks. At  the  end of this period  of observation,  they, 
together with two normal control deer, were inoculated either intramuscularly 
or intraperitoneally with virulent EHD virus in a suspension of infected deer 
spleen. The three deer that had had an earlier inoculation with mouse passage 
EHD virus remained clinically normal, while the two control deer died typically 
of EHD, one on the 9th, and the other on the 13th day after inoculation. 
Serum samples  obtained by ear bleeding  from the three deer just before 
inoculation with mouse passage  virus and again just prior to challenge with 
virulent deer passage  virus were tested for their ability to neutralize mouse 
passage  virus in newborn  mice.  As shown  in Table  II,  the  serum  samples 
obtained prior to inoculation with the mouse passage virus failed to neutralize 
and all or most of the mice receiving each of these virus-serttm mixtures died. 
The serum samples obtained just prior to challenge with virulent deer passage 
virus but after infection with mouse  passage  virus neutralized and all mice 
receiving  these virus-serum  mixtures survived for the  14  day period  during 
which they were held under observation. 
DISCUSSION 
It is apparent from the results  obtained that serial passage  of EHD virus 
through the brains of newborn mice markedly attenuates it for deer as was 
suggested by the findings with the single animal in our earlier experiments  (1). 
Furthermore, infection of deer with the mouse-attenuated virus results  in the 
development of virus-neutralizing  antibodies in their sera  and renders them 
solidly  immune to later infection with fully virulent virus.  The  process  of 
attenuation of EHD virus in the brains of newborn  mice occurs rapidly and 
seemingly is already complete by the 4th serial mouse brain passage. This rapid 
alteration of a viral agent from one whose killing capacity approaches  100 per 
cent (2)  to one that induces  no observable  evidence  of infection other than 
immunity is a rather remarkable example of profound biological modification 
of a viral agent by a foreign host. 
The present experiments shed no direct light on the mechanism by which the 
attenuation of EHD virus is achieved through newborn mouse brain passage. 
Although the virus is pantropic in deer and is present in high titer in all organs 
and tissues, including the brain, in its natural host (1) it infects newborn mice 
only when administered cerebrally. It fails to infect older mice, even those only 
10 days of age, when given cerebrally. It is thus apparent that the EHD virus 
requires very young mouse brain tissue for its multiplication and in such tissue 
rapidly loses its capacity to infect deer lethally. The titers that the unattenu- 
ated EHD virus reaches in deer tissues, including the brain, are roughly com- 
parable with those achieved by the attenuated virus in newborn mouse brain 
as judged by cytopathic effect  in HeLa cell tissue culture (1). 
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which  the newborn mouse passage series was  started contained a  mixture of 
virulent and  avirulent virus  entities  and  that  only the  avirulent  ones  were 
propagated by serial mouse passage is one that cannot be ruled out. If this were 
the case, one would have to assume a quite absolute difference between virulent 
and  avirulent  EHD  virus  as  to newborn mouse pathogenicity and  that  at- 
tenuation  of the virus was  in continuous process in infected deer.  It  would 
further have to be assumed that the process of attenuation of virus in infected 
deer was kept at a  level well below the propagation level of virulent virus in 
order  to account for the  continued high  fatality of the disease  for deer.  It 
would seem that such an assumption,  that indicating a  mixed population of 
virulent  and  avirulent  virus  entities  in  deer,  presents  more  difficulties for 
understanding than does the interpretation of our findings merely on the basis 
of the rapid attenuation of fully virulent deer virus by propagation in newborn 
mouse brain. 
From a  practical  standpoint,  the finding that  the  EHD  virus  can  be at- 
tenuated by passage in newborn mouse brain potentially makes available an 
effective agent for immunization against  a  very highly fatal disease of deer. 
The difficulties of administering such an immunizing material prophylactically 
to large numbers of deer in the wild state, however, are of such magnitude as 
to make it appear doubtful that mouse-attenuated EHD virus will ever find a 
wide  practical  field  application. 
SUMM~ty 
Serial passage through the brains of newborn mice markedly attenuates the 
New Jersey strain of EHD virus. Deer inoculated with this attenuated virus 
show no clinical evidence of illness, but do develop virus-neutralizing antibodies 
in their sera. They also become solidly immune to infection with the regularly 
fatal unattenuated virus. 
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